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(3) Liquid crystal display element 

(g) A liquid crystal display element (5) comprises 
a liquid crystal material (2) having a resistivity 
Plc (Hem) and a polymer matrix material (1) 
having a resistivity p p (n-cm). The ratio plc/p p 
is defined to fall within a range of between 1 and 
10 5 (1 si p LC /p p 2i 10 s ). Also, the particles 
diameters of the polymer matrix material (1) or 
the liquid crystal material (2) are distributed 
such that at least two peaks each having a half 
value width of at least 0.5 are present within 
a range of between 0.5 jim and 2.5 |xm. Further, a 
protective layer is formed to cover the outer 
surface of the liquid crystal material. The par- 
ticular construction permits manufacturing a 
polymer dispersion type liquid crystal display 
element (5), which exhibits a high response 
speed, which can be operated with a low driving 
voltage, and which permits a high contrast 
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The present invention relates to a polymer disper- 
sion type liquid crystal display element useful as, for 
example, a TV or flat panel display device. 

Recently, a polymer dispersion type liquid crystal 
display element attracts attentions as a new type liq- 
uid crystal display element. The new type liquid crys- 
tal display element, which was disclosed for the first 
time in Published Unexamined Japanese Patent Ap- 
plication No. 61-83519, is constructed such that a film 
prepared by dispersing a liquid crystal material in a 
polymer matrix material is held between a pair of elec- 
trodes. 

In the polymer dispersion type liquid crystal dis- 
play element, the liquid crystal material dispersed in 
the polymer matrix material differs in the refractive in- 
dex from the polymer matrix material, when an electric 
field is not applied across the film held between the 
two electrodes. As a result, scattering of light is 
brought about so as to make the film opaque. When 
an electric field is applied across the film by applying 
voltage between the two electrodes, the liquid crystal 
molecules dispersed in the polymer matrix material 
are oriented, with the result that the refractive index of 
the oriented portion of the liquid crystal is made sub- 
stantially equal to that of the polymer matrix material. 
It follows that the film is made transparent. 

The polymer dispersion type liquid crystal display 
element, which utilizes the particular operation prin- 
ciple described above, makes it unnecessary to use 
a polarizer, an orientation film, etc., which are re- 
quired in the conventional TN type liquid crystal dis- 
play element used in, for example, a miniature TV re- 
ceiver. It follows that it is possible to markedly simplify 
the manufacturing process of the polymer dispersion 
type liquid crystal display element. In the convention- 
al polymer dispersion type liquid crystal display ele- 
ment, however, the polymer matrix material has a rel- 
atively high resistivity, leading to requirement of a high 
driving voltage. Also, the conventional liquid crystal 
display element of this type is low in its response 
speed. Further, the light shuttering function is per- 
formed by the scattering of light, leading to a low con- 
trast. 

An object of the present invention is to provide a 
liquid crystal display element, which can be operated 
with a low driving voltage, which exhibits a high re- 
sponse speed, and which achieves a good contrast. 

According to a first embodiment of the present in- 
vention, there is provided a liquid crystal display ele- 
ment, having two substrates and a film held between 
the two substrates, the film being made of a material 
prepared by dispersing a liquid crystal material in a 
polymer matrix material, and a ratio p LC /pp falling with- 
in a range of between 1 and 10 6 , i.e., 1 ^ p L c/p P s 10 5 , 
where p LC denotes the resistivity (fi cm) of the liquid 
crystal material, and p p represents the resistivity 
(n-cm) of the polymer matrix material. 

According to a second embodiment of the present 
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invention, there is provided a liquid crystal display ele- 
ment, having two substrates and a film held between 
the two substrates, the film being made of a material 
prepared by dispersing a liquid crystal material in a 

5 polymer matrix material, at least two peaks each hav- 
ing a half value width of at least 0.5 um being present 
within a range of between 0.5 um and 2.5 um in terms 
of the particle size distribution of each of the polymer 
matrix material and the liquid crystal material. 

10 Further, according to a third embodiment of the 

present invention, there is provided a liquid crystal 
display element having two substrates and a film held 
between the two substrates, the film being made of a 
material prepared by dispersing a liquid crystal mate- 

15 rial in a polymer matrix material, and a protective layer 
being formed to cover the outer surface of the liquid 
crystal particle. 

This invention can be more fully understood from 
the following detailed description when taken in con- 

20 junction with the accompanying drawings, in which: 
Fig. 1 is a schematic view main portion of a liq- 
uid crystal showing display element of the present in- 
vention. 

In the first embodiment of the present invention, 

25 the electrical conductivity of the polymer matrix mate- 
rial used in a polymer dispersion type liquid crystal 
display element is adjusted so as to permit a ratio in 
resistivity of the liquid crystal material to the polymer 
matrix material, i.e., the ratio, p L c/p P . to fall within a 

30 predetermined range, i.e., 1 < pi_c/p P < 10 5 - For allow- 
ing the ratio plc/p p . to fall within the predetermined 
range noted above, electrically conductive fine partic- 
les may be added to or dispersed in a polymer matrix 
material. Fine particles of metal oxides such as alu- 

35 mina, metal such as silver, cupper; carbon such as 
graphite; fuilerenes such as Ceo, C 78 ; charge-transfer 
complex, for example, a substance obtained by using 
hydrazone compounds, styryl compounds or com- 
pounds bonded diethylamino group or dimethylamino 

40 group thereto as a donor, and by using tetracy a no- 
ethane, tetracyanoquinodiethane, or maleic anhydr- 
ide as an acceptor; organic electrolyte such as tetra- 
buthylammonium chloride or tetraethylammonium 
perchlorate can be used in the present invention as 

45 conductive fine particles. It is desirable for the con- 
ductive fine particles to have an average particle di- 
ameter of 0.01 to 3 pjn. If the average diameter is 
smaller than 0.01 uJn, it is difficult to control the par- 
ticle diameter in the manufacture process. On the 

so other hand, if the average diameter of the conductive 
fine particles is larger than 3 um, the display quality 
is degraded. The amount of the conductive fine par- 
ticles used in the present invention is not particularly 
restricted, as far as the ratio p L c'p P fells within the 

55 range defined in the present invention. 

It is also possible to put conductive fine particle 
in microcapsules which are immiscible with the liquid 
crystal material used. In this case, the microcapsules 
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thus prepared are dispersed in the polymer matrix ma- 
terial. It should be noted that conductive fine partic- 
les, if mixed with a liquid crystal material, tend to im- 
pair the operation characteristics of the liquid crystal 
material. For avoiding the difficulty, it is desirable to 
put conductive fine particles in microcapsules immis- 
cible with the liquid crystal material and disperse the 
microcapsules thus prepared in the polymer matrix 
material. 

Alternatively, conductive polymers may be added 
to or dispersed in a polymer matrix material to permit 
the ratio plc/Pp to fall within the range specified in the 
present invention. Incidentally, where the polymer it- 
self used exhibits an electrical conductivity, it is pos- 
sible to use the conductive polymer as the polymer 
matrix material. In this case, it is unnecessary to apply 
any treatment to the conductive polymer. 

The conductive polymers used in the present in- 
vention include, for example, conjugated n aromatic 
polymer, polypyrrole, poly (N-substituted dipyrrole), 
poly (3,4-2 substituted pyrrole), polypyridine, poly- 
phenylene, polythiophene, poly (3,4-2 substituted 
thiophene), polyaniline, polyazulene, polyvinylene, 
polyvinylcarbazol, poly (N-substituted carbazol), 
polyselenophene, poJyfuran, poly (2,5-furyleneviny- 
lene), polybenzothiophene, poly (2,5-thienyleneviny- 
lene), polybenzofuran, polyindole, poly isoth ion atph- 
thene, polypyridazine, polyacetylene, and polysilane. 
The content of the conductive polymer is not particu- 
larly restricted as far as the ratio p L c/pp fells within the 
range specified in the present invention. 

In the present invention, it is desirable for the ratio 
PtJPp to fall within a range of between 1 andl 0 5 . If the 
ratio is smaller than 1 , the electric field in liquid crystal 
phase is weak. On the other hand, if the ratio is larger 
than 10 5 , the conductivity of liquid crystal phase is 
large in excess. If the resistivity p p of the polymer ma- 
trix material whose resistivity has been adjusted ex- 
ceeds 10 10 n-cm, a satisfactory effect cannot be ex- 
pected. On the other hand, if the resistivity p p is lower 
than 10r* n-cm, the polymer matrix material exhibits 
an unduly high electrical conductivity, making it im- 
possible to apply an electric field to the liquid crystal 
phase. 

In the second embodiment of the present inven- 
tion, the size (or particle size distribution) of the poly- 
mer matrix material or the particle size distribution of 
the liquid crystal material is defined so as to control 
the threshold value. Where the particle size distribu- 
tion is defined as specified in the present invention, 
a change in the light transmittance relative to the ap- 
plied voltage is renderd relatively moderate and linear 
so as to improve the steepness. Further, the particle 
size distribution specified in the present invention 
makes it possible to provide a polymer dispersion type 
liquid crystal display element adapted for the active- 
matrix driving. 

To be more specific, the particle size distribution 
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of the polymer matrix material or the liquid crystal ma- 
terial is defined in the present invention such that at 
least two peaks each having a half value width of at 
least 0.5 um are present within a range of between 0.5 

5 um and 2.5 um in the particle diameter. It is important 
for a plurality of peaks to be present within a range of 
between 0.5 um and 2.5 um. If the particles of the 
polymer matrix material are unduly large, the number 
of light scatterings is diminished .leading to a low light 

10 scattering capability. On the other hand, if the partic- 
les of the polymer matrix material are unduly small, 
the particle diameters overlap with the wavelength re- 
gion of the visible light. In this case, the scattering of 
light is suppressed, also leading to a low light scatter- 

15 ing capability. In addition, the threshold voltage is in- 
creased if the particles of the polymer matrix material 
are unduly small. It is desirable for at least 80% of the 
particles to have particle diameters falling within the 
range of between 0.5 um and 2.5 um because of op- 

20 timizing the width of driving voltage. A similar situation 
takes place where the amount of the liquid crystal ma- 
terial is small relative to the amount of the polymer 
matrix material such that the liquid crystal molecules 
are dispersed in the polymer matrix material. It should 

25 be noted that, where only one peak is present within 
the range of the particle diameter noted above, a dif- 
ficulty is brought about that the relationship between 
voltage and transmittance can not be controlled. Like- 
wise, where the half value width of the peak is smaller 

30 than 0.5 um, a difficulty is brought about that the re- 
lationship between voltage and transmittance can not 
be controlled. 

The particle size distribution of the polymer ma- 
trix material can be controlled by changing the condi- 

35 tion of the polymerization. For example, where a ther- 
mosetting resin such as an epoxy resin is used as the 
polymer matrix material, the particle size distribution 
of the polymer matrix material can be controlled by ad- 
justing the curing temperature and curing time. To be 

40 more specific, the particle diameter of the formed 
polymer matrix material is diminished with increase in 
the curing temperature and with decrease in the cur- 
ing time. The particle diameters of the polymer matrix 
material can be made nonuniform by controlling the 

45 curing treatment such that, in the initial stage, a heat 
treatment is carried out at a low temperature for a rel- 
atively long time, followed by elevating the curing tem- 
perature for finishing the heat treatment. 

Where a photo-setting resin such as an acrylic 

so resin is used as the polymer matrix material, the par- 
ticle diameters of the polymer matrix material can be 
controlled by adjusting the curing temperature and the 
UV energy, as in the case of using an epoxy resin as 
the polymer matrix material. A polymer matrix material 

55 having a wide particle size distribution can be ob- 
tained by controlling the curing condition such that, in 
the initial stage, a UV irradiation is carried out under 
a low temperature, followed by elevating the temper- 
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ature before completion of the curing treatment while 
continuing a UV irradiation. 

In the third embodiment of the present invention, 
the outer surface of the liquid crystal material is cov- 
ered with a protective layer. To be more specific, the 5 
liquid crystal material is put first into microcapsules 
and, then, the microcapsules thus prepared are dis- 
persed in the polymer matrix material. 

A surfactant series monomer can be used as the 
material of the protective layer. For example, sodium 10 
undecylenate can be used as the material of the pro- 
tective layer. To be more specific, the surfactant ser- 
ies monomers are polymerized so as to form the pro- 
tective layer. For example, a mixture consisting of a 
liquid crystal material and a surfactant series mono- 15 
mer is vigorously stirred and dispersed within water 
so as to form a layer of the surfactant series monomer 
in a manner to cover the outer surface of the liquid 
crystal molecule. Under this condition, a polymeriza- 
tion initiating agent is added to the system, with the re- 20 
suit that the monomer layer is polymerized so as to 
form a microcapsule. The microcapsules thus pre- 
pared can be filtered, washed with water, dried, and 
preserved. The microcapsules can be dispersed in an 
optional polymer matrix material after applying a suit- 25 
able treatment to the microcapsule thus obtained or 
intact The dispersion means is not particularly re- 
stricted in the present invention, though it is desirable 
to use, for example, an ultrasonic wave. Incidentally, 
it is desirable to disperse the microcapsules under the 30 
condition that the polymer of the microcapsule is not 
dissolved. 

The polymerization film thus obtained produces a 
strong anchoring effect relative to the polymer matrix 
material unlike the conventional liquid crystal phases 35 
which lack an affinity and are formed under a mutually 
repelling condition. As a result, decay speed of the 
element is improved in non-application-voltage state. 

It is of course possible to employ the first to third 
embodiments described above in combination so as 40 
to provide a satisfactory liquid crystal display ele- 
ment. 

The polymers used in the present invention as the 
polymer matrix material include, for example, poly- 
ethylene, polypropylene, polybutylene, polystyrene, 45 
polyvinyl acetate, polyvinyl chloride, polyvinyiidene 
chloride, polyacrylic ester, polymethacrylic ester po- 
lyacrylonitrile, polyvinyl ether, polyvinyl ketone, poly- 
ether, polycarbonate, polyester, polyamide, polyvinyl 
alcohol, diene series polymer, polyurethane series so 
polymer, silicone resin, natural rubber, modified cel- 
luloses such as methyl cellulose and ethyl cellulose, 
phenoxy resin, phenol resin, epoxy resin, photo-set- 
ting resin, melamine resin, polyimide resin, polysi- 
lane, copolymers thereof, mixture of these polymers, 55 
and polymer alloy. 



Example 1 

Transparent conductive fine particles W-1 (trade 
name of particles containing tin oxide and manufac- 
tured by Mitsubishi Material Inc.), were added in an 
amount of 0.2% by weight to polycarbonate (manufac- 
tured by Aldrich Inc.) used as a polymer matrix mate- 
rial. The fine conductive particles were sufficiently 
dispersed in the polymer matrix material so as to ob- 
tain a mixture exhibiting a resistivity of 10* H em 
(p LC /p P = 125). The mixture was dissolved in chloro- 
form. Further, a liquid crystal 2293 (trade name of a 
liquid crystal material manufactured by Merk Inc.) 
was added to the solution such that the ratio of the 
polymer matrix material to the liquid crystal material 
was 1:1, followed by evaporating the solvent so as 
to obtain a film. Fig. 1 shows the main portion of the 
liquid crystal display element The film 5 thus pre- 
pared was held between a pair of glass substrates 4 
each covered with an ITO film 3 formed by means of 
vapor deposition so as to prepare a polymer disper- 
sion type liquid crystal display cell having a film thick- 
ness of 10 uin. In Fig. 1, 1 denotes a polymer matrix, 
2 denotes dispersion type liquid crystal. The driving 
voltage and the response speed of the polymer dis- 
persion type liquid crystal display cell thus prepared 
were measured by utilizing the transmittance of while 
light through the cell. It has been found that the rising 
(0 to 90%) was achieved in 5 mS, and the decay (1 00 
to 10%) was achieved in 3 mS. Also, the driving vol- 
tage was found to be 8V. 

An additional experiment was conducted sub- 
stantially as above, except that the transparent con- 
ductive fine particles W-1 were formed into microcap- 
sules by using, for example, sodium undecylenate 
and the microcapsules thus prepared were mixed with 
the polymer matrix material so as to prepare a film. 
The film thus prepared was held between a pair of 
glass substrates each covered with an ITO film 
formed by means of vapor deposition so as to prepare 
a polymer dispersion type liquid crystal display cell 
having a film thickness of 10 um. The driving voltage 
and the response speed of the polymer dispersion 
type liquid crystal display cell thus prepared were 
measured as in Example 1. Obtained were the rising 
speed and the decaying speed substantially equal to 
those in Example 1 . 

Control 1 

A polymer dispersion type liquid crystal display 
cell was prepared substantially as in Example 1, ex- 
cept that the transparent conductive fine particles 
were not used for forming the film held between the 
two glass substrates. Also, the driving voltage and the 
response speed of the cell were measured as in Ex- 
ample 1. 

It has been found that the rising time (0 to 90%) 
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was as much as 50 mS, and the decaying time (100 
to 10%) was as much as 40 mS. Further, the driving 
voltage was found to be 10V. It follows that the cell 
prepared in Control 1 was markedly lower in response 
speed than the cell of Example 1 . Also, the driving vol- 
tage for Control 1 was found higher than that in Exam- 
ple 1. 

Example 2 

Transparent conductive fine particles W-10 
(trade name of particles containing tin oxide and man- 
ufactured by Mitsubishi Material Inc.), were added in 
an amount of 0.1% by weight to polycarbonate (man- 
ufactured by Aldrich Inc.) used as a polymer matrix 
material. The fine conductive particles were suffi- 
ciently dispersed in the polymer matrix material so as 
to obtain a mixture exhibiting a resistivity of 10 8 flcm 
(Plc/Pp = 600). The mixture was dissolved in chloro- 
form. Further, a liquid crystal ZLI2293 (trade name of 
a liquid crystal material manufactured by Merk Inc.) 
was added to the solution such that the ratio of the 
polymer matrix material to the liquid crystal material 
was 4 : 6, followed by evaporating the solvent so as 
to obtain a film. The film thus prepared was held be- 
tween a pair of glass substrates each covered with an 
ITO film formed by means of vapor deposition so as 
to prepare a polymerdispersion type liquid crystal dis- 
play cell having a film thickness of 10 urn. The driving 
voltage and the response speed of the polymer dis- 
persion type liquid crystal display cell thus prepared 
were measured as in Example 1. It has been found 
that the rising (0 to 90%) was achieved in 6 mS, and 
the decay (100 to 10%) was achieved in 3 mS. Also, 
the driving voltage was found to be 8V. 

Control 2 

A polymer dispersion type liquid crystal display 
cell was prepared substantially as in Example 2, ex- 
cept that the transparent conductive fine particles 
were not used for forming the film held between the 
two glass substrates. Also, the driving voltage and the 
response speed of the cell were measured as in Ex- 
ample 2. 

It has been found that the rising time (0 to 90%) 
was as much as 50 mS, and the decaying time (100 
to 10%) was as much as 40 mS. Further, the driving 
voltage was found to be 10V. It follows that the cell 
prepared in Control 2 was markedly lower in response 
speed than the cell of Example 2. Also, the driving vol- 
tage for Control 2 was found higher than that in Exam- 
ple 2. 

Example 3 

Polyvinyl carbazol used as a conductive polymer 
was dissolved in chloroform. Then, a liquid crystal 
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ZLI2293 manufactured by Merk Inc. was added to the 
resultant solution such that the mixing ratio of the 
polymer matrix material to the liquid crystal material 
was 2 : 8, followed by evaporating the solvent so as 

5 to prepare a film. Further, the film thus prepared was 
held between a pair of glass substrates each having 
an ITO film formed thereon by means of vapor depos- 
ition so as to prepare a polymer dispersion type liquid 
crystal display cell having a film thickness of 10 urn 

10 (pix/pp = 430). The driving voltage and the response 
speed of the polymer dispersion type liquid crystal 
display cell thus prepared were measured as in Exam- 
ple 1. 

It has been found that the rising (0 to 90%) was 
15 achieved in 10 mS, and the decay (100 to 10%) was 
achieved in 15 mS. Also, the driving voltage was 
found to be 8V. 

Example 4 

20 

A mixture was prepared first by using 100 parts 
by weight of Epon 812 (registered trademark of an 
epoxy resin manufactured by Yuka Shell Inc.), which 
was used as a polymer matrix material, 100 parts by 

25 weight of Capcure 3-800 (trade name of a curing 
agent manufactured by Yuka Shell Inc.), and 200 
parts by weight of E-7 (registered trademark of a liq- 
uid crystal manufactured by BDH Inc.). On the other 
hand, two glass substrates each having an ITO film 

30 formed on the surface by means of vapor deposition 
were disposed to face each other with a spacer of 20 
nm interposed therebetween, and the resin mixture 
noted above was filled into the free space between 
the two glass substrates. The resultant assembly was 

35 subjected to a heat treatment at 60°C for 30 minutes, 
followed by elevating the temperature to 100°C for an 
additional heat treatment for 10 minutes so as to ob- 
tain a polymer dispersion type liquid crystal display 
cell. The particle size of the polymer matrix material 

40 was found to be distributed such that two peaks each 
having a half value width of 1 .0 urn were included with- 
in a range of between 1.0 urn and 2.0 nm. 

The contrast and the response speed of the poly- 
mer dispersion type liquid crystal display cell thus ob- 

45 tained were measured, with the result that the con- 
trast was satisfactory, i.e., V 10 A^9o was 0.30, and the 
rising (0 to 90%) was also satisfactory. 

Example 5 

50 

Two kinds of resins, i.e., Epon 81 2 and Devcon 5A 
(registered trademark of an epoxy resin manufac- 
tured by Devcon Inc.) were used as the polymer ma- 
trix material. A curing agent Capcure 3-800 was add- 
55 ed to these resins such that the weight ratio of Epon 
812 : Devcon 5A : Capcure 3-800 was 1:1:2. Fur- 
ther, a liquid crystal E-7 was added to the resultant 
mixture such that the weight ratio of the resin mixture 
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to the liquid crystal was 1 : 2. 

On the other hand, two glass substrates each 
having an ITO film formed on the surface by means 
of vapor deposition were disposed to face each other 
with a spacer of 20 urn interposed therebetween, and 
the resin mixture noted above was filled into the free 
space between the two glass substrates. The resul- 
tant assembly was subjected to a heat treatment at 
50°C for 20 minutes, followed by elevating the temper- 
ature to 90 °C for an additional heat treatment for 5 
minutes so as to obtain a polymer dispersion type liq- 
uid crystal display cell. The particle size of the poly- 
mer matrix material was found to be distributed such 
that two peaks each having a half value width of 1.0 
Mm were included within a range of between 1.3 urn 
and 2.0 um. 

The contrast and the response speed of the poly- 
mer dispersion type liquid crystal display cell thus ob- 
tained were measured, with the result that the con- 
trast was satisfactory, i.e., V 10 /V 90 was 0.25, and the 
rising (0 to 90%) was also satisfactory. 

Example 6 

A raw material mixture was prepared first by mix- 
ing 100 parts by weight of a polymer matrix material 
consisting of polyesterpolyol and polyurethane acryl- 
ate prepared from hydroxypropyl acrylate, 400 parts 
by weight of a liquid crystal E-7, and 40 parts by 
weight of 2-hydroxy-2-methyl-1 -phenylpropane-1 - 
one, which was used as a photopolymerization initia- 
tor. Then, two glass substrates each having an ITO 
film formed on the surface by means of vapor depos- 
ition were disposed to face each other with a spacer 
of 10 urn interposed therebetween, and the resin mix- 
ture noted above was filled into the free space be- 
tween the two glass substrates. The resultant assem- 
bly was irradiated for 3 minutes with an ultraviolet light 
emitted from a metal halide lamp under the condition 
of 30 W/cm, 80°C, followed by an additional irradia- 
tion for 3 minutes with an ultraviolet light emitted from 
a metal halide lamp under the condition of 30 W/cm, 
90°C, so as to prepare a polymer dispersion type liq- 
uid crystal display cell. The particle size of the poly- 
mer matrix material was found to be distributed such 
that two peaks each having a half value width of 0.6 
um were included within a range of between 0.8 um 
and 1-7 um. 

The contrast and the response speed of the poly- 
mer dispersion type liquid crystal display cell thus ob- 
tain were measured, with the result that the contrast 
was satisfactory, i.e., V 10 /V 90 was 0.25, and the rising 
(0 to 90%) was also satisfactory. 

Example 7 

A raw material mixture was prepared first by mix- 
ing 100 parts by weight of a polymer matrix material 
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consisting of polyesterpolyol and polyurethane acryl- 
ate prepared from hydroxypropyl acrylate, 400 parts 
by weight of a liquid crystal E-7, and 20 parts by 
weight of 2-hydroxy-2-methyl- 1 -phenyl propane- 1- 
5 one, which was used as a photopolymerization initia- 
tor. Then, two glass substrates each having an ITO 
film formed on the surface by means of vapor depos- 
ition were disposed to face each other with a spacer 
of 10 um interposed therebetween, and the resin mix- 
to ture noted above was filled into the free space be- 
tween the two glass substrates. The resultant assem- 
bly was irradiated for 3 minutes with an ultraviolet light 
emitted from a metal halide lamp under the condition 
of 20 W/cm, 60°C, followed by an additional irradia- 
15 tion for 3 minutes with an ultraviolet light emitted from 
a metal halide lamp under the condition of 80 W/cm, 
80°C, so as to prepare a polymer dispersion type liq- 
uid crystal display cell. The particle size of the poly- 
mer matrix material was found to be distributed such 
20 that two peaks each having a half value width of 1 .5 
um were included within a range of between 1.0 um 
and 2.0 jam. 

The contrast and the response speed of the poly- 
mer dispersion type liquid crystal display cell thus ob- 
25 tained were measured, with the result that the con- 
trast was satisfactory, i.e., V 10 /V 90 was 0-20, and the 
rising (0 to 90%) was also satisfactory. 

Example 8 

30 

A raw material mixture was prepared first by mix- 
ing 1 00 parts by weight of a polymer matrix material 
consisting of polyesterpolyol and polyurethane acryl- 
ate prepared from hydroxypropyl acrylate, 400 parts 

35 by weight of E-44 (registered trademark of a liquid 
crystal manufactured by BDH Inc.), and 20 parts by 
weight of 2-hydroxy-2-methyl-1-phenylpropane-1- 
one, which was used as a photopolymerization initia- 
tor. Then, two glass substrates each having an ITO 

40 film formed on the surface by means of vapor depos- 
ition were disposed to face each other with a spacer 
of 10 um interposed therebetween, and the resin mix- 
ture noted above was filled into the free space be- 
tween the two glass substrates. The resultant assem- 

45 bly was irradiated for 3 minutes with an ultraviolet light 
emitted from a metal halide lamp under the condition 
of 30 W/cm, 60°C, followed by an additional irradia- 
tion for 3 minutes with an ultraviolet light emitted from 
a metal halide lamp under the condition of 80 W/cm, 

so 80°C, so as to prepare a polymer dispersion type liq- 
uid crystal display cell. The particle size of the poly- 
mer matrix material was found to be distributed such 
that two peaks each having a half value width of 1 .5 
um were included within a range of between 1.5 um 

55 and 2.0 um. 

The contrast and the response speed of the poly- 
mer dispersion type liquid crystal display cell thus ob- 
tained were measured, with the result that the con- 
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trast was satisfactory, i.e., V 10 /V 90 was 0.20, and the 
rising (0 to 90%) was also satisfactory. 

Example 9 

5 

A raw material mixture was prepared first by mix- 
ing two kinds of polymer matrix materials, i.e., 100 
parts by weight of n-butyl acrylate and 200 parts by 
weight of acrylic oligomer, 400 parts by weight of E- 
44, and 10 parts by weight of 2-hydroxy-2-methyi-1- 10 
phenylpropane-1-one, which was used as a photopo- 
lymerization initiator. Then, two glass substrates each 
having an ITO film formed on the surface by means 
of vapor deposition were disposed to face each other 
with a spacer of 1 0 um interposed therebetween, and 15 
the resin mixture noted above was filled into the free 
space between the two glass substrates. The resul- 
tant assembly was irradiated for 3 minutes with an ul- 
traviolet light emitted from a metal halide lamp under 
the condition of 20 W/cm, 60°C, followed by an addi- 20 
tional irradiation for 3 minutes with an ultraviolet light 
emitted from a metal halide lamp under the condition 
of 80 W/cm, 80°C, so as to prepare a polymer disper- 
sion type liquid crystal display cell. The particle size 
of the polymer matrix material was found to be distrib- 25 
uted such that two peaks each having a half value 
width of 0.8 um were included within a range of be- 
tween 1.0 um and 2.0 um. 

The contrast and the response speed of the poly- 
mer dispersion type liquid crystal display cell thus ob- 30 
tained were measured, with the result that the con- 
trast was satisfactory, i.e., V 10 /V 90 was 0.25, and the 
rising (0 to 90%) was also satisfactory. 

Example 1 0 35 

A raw material mixture was prepared first by mix- 
ing two kinds of polymer matrix materials, i.e., 100 
parts by weight of n-butyl acrylate and 200 parts by 
weight of acrylic oligomer, 400 parts by weight of E- 40 
44, and 10 parts by weight of 2-hydroxy-2-methyl-1- 
phenylpropane-1-one, which was used as a photopo- 
lymerization initiator. Then, two glass substrates each 
having an ITO film formed on the surface by means 
of vapor deposition were disposed to face each other 45 
with a spacer of 10 um interposed therebetween, and 
the resin mixture noted above was filled into the free 
space between the two glass substrates. The resul- 
tant assembly was irradiated for 3 minutes with an ul- 
traviolet light emitted from a metal halide lamp under 50 
the condition of 30 W/cm, 60°C, followed by an addi- 
tional irradiation for 5 minutes with an ultraviolet light 
emitted from a metal halide lamp under the condition 
of 30 W/cm, 60°C, so as to prepare a polymer disper- 
sion type liquid crystal display cell. The particle size 55 
of the polymer matrix material was found to be distrib- 
uted such that two peaks each having a half value 
width of 0.7 um were included within a range of be- 



tween 1.0 um and 1.5 um. 

The contrast and the response speed of the poly- 
mer dispersion type liquid crystal display cell thus ob- 
tained were measured, with the result that the con- 
trast was satisfactory, i.e., V 10 A/ go was 0.2, and the 
rising (0 to 90%) was also satisfactory. 

Example 11 

One gram of liquid crystal 2293 (trade name of a 
liquid crystal manufactured by Merk Inc.) and 0.2g of 
sodium undecylenate were mixed within 10 cc of acet- 
one, and the resultant mixture was dripped into 100 cc 
of water white vigorously stirring the resultant solu- 
tion. When the solution was emulsified, 0.0 5g of po- 
tassium persulfate was added to the solution, fol- 
lowed by carrying out a polymerization reaction while 
vigorously stirring the solution. After completion of the 
reaction, the reaction mixture was filtered, washed 
with water and, then, dried so as to obtain powdery 
liquid crystal microcapsules. 

On the other hand, 1g of polyester manufactured 
by Aid rich Inc., which was used as a polymer matrix 
material, was dissolved in chloroform so as to prepare 
a solution containing 10% by weight of the polyester. 
Then, 0.5g of the liquid crystal microcapsules were 
added to the polyester solution, and the resultant sys- 
tem was promptly stirred and evaporated so as to re- 
move the solvent and, thus, to obtain a film. Further, 
the film thus prepared was held between two glass 
substrates each having an ITO film formed on the sur- 
face by means of vapor deposition to prepare a poly- 
mer dispersion type liquid crystal display cell includ- 
ing a film having a thickness of 10 um. 

The driving voltage and the response speed of 
the polymer dispersion type liquid crystal display cell 
thus obtained were measured as in Example 1 . The 
rising time (0 to 90%) was found to be 15 mS, and the 
decaying time (100 to 10%) was found to be 5 mS. 
Further, the driving voltage was found to be 10V. 

An additional experiment was conducted in which 
the polyester noted above and the liquid crystal 2293 
noted above were simply mixed within chloroform. In 
this case, phase separation did not take place, mak- 
ing it possible to prepare a polymer dispersion type 
liquid crystal. 

Example 12 

One gram of liquid crystal 2293 and 0.2g of so- 
dium undecylenate were mixed within 10 cc of acet- 
one, and the resultant mixture was dripped into 100 cc 
of water while vigorously stirring the resultant solu- 
tion. When the solution was emulsified, 0.05g of po- 
tassium persulfate was added to the solution, fol- 
lowed by carrying out a polymerization reaction while 
vigorously stirring the solution. After completion of the 
reaction, the reaction mixture was filtered, washed 
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with water and, then, dried so as to obtain powdery liq- 
uid crystal microcapsules. 

On the other hand, 1g of polystyrene, which was 
used as a polymer matrix material, was dissolved in 
chloroform so as to prepare a solution containing 1 5% 
by weight of the polystyrene. Then, 0.5g of the liquid 
crystal microcapsules were added to the polystyrene 
solution, and the resultant system was promptly stir- 
red and evaporated so as to remove the solvent and, 
thus, to obtain a film. Further, the film thus prepared 
was held between two glass substrates each having 
an ITO film formed on the surface by means of vapor 
deposition to prepare a polymer dispersion type liquid 
crystal display cell including a film having a thickness 
of 10 um. 

The driving voltage and the response speed of 
the polymer dispersion type liquid crystal display ceil 
thus obtained were measured as in Example 1. The 
rising time (0 to 90%) was found to be 25 mS, and the 
decaying time (100 to 10%) was found to be 7 mS. 
Further, the driving voltage was found to be 10V. 

An additional experiment was conducted in which 
the polyester noted above and the liquid crystal 2293 
noted above were simply mixed within chloroform. In 
this case, phase separation did not take place, mak- 
ing it possible to prepare a polymer dispersion type 
liquid crystal. 

As described above in detail, the present inven- 
tion provides a polymer dispersion type liquid crystal 
display element which exhibits a markedly improved 
response speed, which can be operated with a low 
driving voltage, and which permits a high contrast. 
Naturally, the liquid crystal display element of the 
present invention is adapted for an active matrix driv- 
ing. In order to produce the prominent effects descri- 
bed above, the electrical conductivity of the polymer 
matrix material is adjusted so as to permit the ratio in 
resistivity of the liquid crystal material to the polymer 
matrix material to fall within a predetermined range. 
Also, the particle diameters of the polymer matrix ma- 
terial or the liquid crystal material are intentionally dis- 
tributed over a wide range so as to control the thresh- 
old value. Further, the liquid crystal material is formed 
into microcapsules in advance and, then, the micro- 
capsules are dispersed in the polymer matrix material. 
The use of the liquid crystal microcapsules permits 
widening the scope of selection of the polymer matrix 
material and the liquid crystal material. 



resents a resistivity (Q cm) of the polymer matrix 
material, falling within a range of between 1 and 
10 5 , (1 ^p LC /p p ^105). 

5 2. The liquid crystal display element according to 
claim 1, characterized in that said polymer matrix 
material contains electrically conductive fine par- 
ticles. 

10 3. The liquid crystal display element according to 
claim 2, characterized in that said electrically con- 
ductive fine particles are made of material select- 
ed from the group consisting of metal, carbon, 
metal oxide, charge-transfer complex, and organ- 
15 ic electrolyte. 

4. The liquid crystal display element according to 
claim 2, characterized in that said electrically con- 
ductive fine particles have an average particle di- 

20 ameter falling within a range of between 0.01 um 

and 3 um. 

5. A liquid crystal display element, comprising a pair 
of substrates and a film held between the sub- 

25 strates, said film being prepared by dispersing a 

liquid crystal material in a polymer matrix materi- 
al, and at least two peaks each having a half value 
width of at least 0.5 um being present within a 
range of between 0.5 um and 2.5 um in the par- 
30 tide size distribution of the polymer matrix mate- 

rial or the liquid crystal material. 

6. The liquid crystal display element according to 
claim 5, characterized in that at least 80% of the 

35 particles have particle diameters falling within a 

range of between 0.5 um and 2.5 um. 

7. A liquid crystal display element, comprising a pair 
of substrates and a film held between the sub- 

40 strates, said film being prepared by dispersing a 

liquid crystal material in a polymer matrix materi- 
al, and a protective layer being formed to cover 
the outer surface of the liquid crystal material. 

45 8. The liquid crystal display element according to 
claim 7, characterized in that the material of the 
protective layer is made of a surfactant series 
monomer. 



15 



20 



25 



40 



50 

Claims 

1. A liquid crystal display element, comprising a pair 
of substrates and a film held between the sub- 
strates, said film being prepared by dispersing liq- 55 
uid crystal material in a polymer matrix material, 
and a ratio p L c/p P . in which p LC denotes a resistiv- 
ity (n-cm) of the liquid crystal material and p p rep- 
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